INTRODUCTION
Red mullet Mullus barbatus and striped red mullet M. surmuletus are sympatric species with a very similar geographic distribution that includes the coastal areas and the continental shelf of the Mediterranean Sea and the northwestern Atlantic (Hureau 1986 ). They show common morphological characteristics that differentiate them from other genera of Mullidae, including the arrangement of the teeth (Hureau 1986 , Aguirre 1997 ) and the cephalic musculature and skeleton that determine the head profile characteristic of the genus Mullus (Gosline 1984) . They also have common behavioural features, especially relative to feeding, since both species are benthic carnivores. They feed on small invertebrates (crustaceans, molluscs, polychaetes) that live on or within the bottom substrates (Gharbi & Ktari 1979 , Golani & Galil 1991 .
Mullus spp. are major target species of Mediterranean demersal fisheries and are exploited by more than 1 gear type (Stergiou et al. 1992 , Reñones et al. 1995 , Demestre et al. 1997 . Comparative studies of both species have involved age and growth (Bougis ABSTRACT: The distributions of 2 congenerics, sympatric species of Mullidae (Mullus surmuletus and M. barbatus) were studied by means of abundance and length frequencies, obtained in experimental trawl surveys carried out in the springtime (1994 to 1998) throughout the Spanish Mediterranean area. From the data obtained we compared the spatial segregation between these species in relation to the bottom type and to the depth of their habitat. Although M. barbatus was the most abundant species throughout the sampling area (except at the shallowest rough-bottom sites), spatial segregation was observed between the 2 species, with the ratio between the species varying according to the bottom type on which they lived. M. barbatus showed maximum abundance and frequency on muddy bottoms in waters between 50 and 200 m deep. For M. surmuletus, maximum density and frequency were at a shallower depth (between 10 and 50 m) and largely on rough bottoms. At overlap sites, the relative abundance of M. barbatus increased on muddy bottoms and decreased on rocky and sandy bottoms. The size frequencies encountered for both species were made up by preadults and adults. Significant size differences between species existed in all the bathymetric strata studied. In all cases, except the more coastal muddy bottom stratum, M. surmuletus had a range of sizes and a mean size greater than M. barbatus. The structural heterogeneity of the Spanish continental shelf gave rise to a distribution characterised by patches. M. barbatus had a clear preference for the areas where the shelf became wider, and M. surmuletus was more abundant and frequent in narrow shelf areas. Gharbi & Ktari 1981a , Morales-Nin 1986 , feeding (Gharbi & Ktari 1979 , Golani & Galil 1991 , Golani 1994 , Labropoulou & Eleftheriou 1997 , biological and fishery aspects (Suau & Vives 1957 , Tortonese 1975 , Gharbi & Ktari 1981b , Sánchez et al. 1983 , 1995 , Reñones et al. 1995 , morphological characters (Bougis 1952 , Tortonese 1975 , Aguirre 1997 , Labropoulou & Eleftheriou 1997 , Lombarte & Aguirre 1997 , Aguirre & Lombarte 1999 , and electrophoretical and genetical aspects (Arias & Morales 1977 , Basaglia & Callegarini 1988 , Camarata et al. 1991 , Vitturi et al. 1992 , Mamuris et al. 1998 . Although the different habitat preferences of each species are mentioned in these examinations, quantitative studies of the interspecific differences based on a comparison of abiotic aspects of the ecological niche do not exist, except for Golani (1994) , which provides a bathymetric comparison. Furthermore, studies on spatial segregation in fishes are usually limited to small areas, without establishing a connection between geographical distribution and microhabitat or macrohabitat distribution (Munro 1976 , Matthews et al. 1992 , Gill & Potter 1993 , Golani 1994 , Allen & Baltz 1997 , Martins et al. 1998 , Platell et al. 1998 . The objective of the present research was to carry out a quantitative study of the distribution and habitat preference of both species. This study of Mullus surmuletus and M. barbatus is needed to determine how these 2 congeneric, sympatric species share potential resources and minimise competition (Schoener 1974 , Ross 1986 ). Therefore, the distributions of M. surmuletus and M. barbatus were compared relative to the bathymetrical and geological characteristics of their respective ecological niches. The distributions of these 2 species were described from data on abundances and size frequencies. These factors have been used in other studies on habitat partitioning of the Mullidae (Munro 1976 , Golani 1994 , Platell et al. 1998 . The present study was conducted in an extensive area of the Spanish western Mediterranean shelf where both species are abundant and co-occur.
MATERIALS AND METHODS
During MEDITS (Mediterranean International Trawl Survey) cruises undertaken in the springtime, from 1994 to 1998, 392 hauls were conducted in the Iberian Mediterranean, in a sampling area where the genus Mullus is well represented (south of the 41st parallel) (Fig. 1) . A GOC 73 trawl (Fiorentini et al. 1999 ) and an underwater Scanmar system, to measure gear performance, horizontal and vertical net opening, were used. Tow duration was 30 min up to depths of 200 m and 60 min in deeper water. For each haul, the numbers of each species were converted into individuals per square kilometre based on horizontal net opening, vessel speed and tow duration.
The abundance and size distributions were obtained for both species. The data were grouped both by depth strata (10-50, 51-100, 101-200 and 201-400 m) and according to the bottom type. The first type considered were muddy bottoms (mud and muddy sands), formed from fine sediments. The second group consisted of rough bottoms (rocks, gravel and coarse sands), formed by heavier sediments than those comprising the previous group. Bottom type was determined from geological maps of the area studied (Rey & Medialdea 1989) and from macroscopic observation of the sediment in each haul. A high coincidence was found between geological maps and observations in situ; in cases of discrepancy, the macroscopic observation was taken. The number of hauls made, according to depth stratum and bottom type, is indicated in Table 1 . For each bottom type and depth stratum, the size distribution was based on the total length of the specimens (calculated to the nearest centimetre) and the abundance expressed as individuals per square kilometre.
Two-way analyses of variance (ANOVA) were used to ascertain whether the abundance between and within each species relative to depth strata and bottom types differed significantly. For ANOVA analyses, data on abundance were normalised using a logarithmic transformation. Additionally, Kolmogorov-Smirnov tests were used to check for inter-and intraspecific differences in the size distributions of both species in relation to environmental factors. The percentage occurrence was calculated based on the percentage of hauls containing each species relative to the total number of hauls made. Pianka's index was calculated to provide a general measurement of niche overlap in the occurrence of species pairs. The overlap estimated by Pianka's index ranged from 0.0 (no overlap) to 1.0 (complete overlap) (Matthews et al. 1982 , 1992 , Ross 1986 ).
High-resolution cartographic depictions of fish abundance (expressed as number of individuals caught per square kilometre) were obtained applying a geostatistical kriging model (Matheron 1971 , Journel & Huijbregts 1978 . Point kriging was used to estimate red mullet abundance at the nodes of an arbitrarily fine mesh grid over a polygon defined by coastline, depth contours and the sampling points (between 0 and 800 m, and from 5°W to 1.5°E). The mesh used in this study was comprised of 101 × 140 nodes. The estimated density values at each node x 0 of the grid were given by where Z*(x 0 ) the kriging estimate of abundance at each node, was obtained by a linear combination of the samples, each weighed by a factor (w i ), which depen-
ded on the relative position of the sampling points and the Z (x i ) values at the sampling points. The weights were obtained by solving a set of linear equations (Matheron 1971 , Journel & Huijbregts 1978 at each node. Intuitively, the weight assigned to sampling points closer to the node to be estimated was higher than the weight assigned to locations further away.
RESULTS
In 194 hauls to a depth of 400 m, the presence of Mullus barbatus, M. surmuletus or both species was recorded to total 7472 individuals (6056 specimens of M. barbatus in 156 hauls and 1416 M. surmuletus individuals in 119 hauls). Their distribution showed interand intraspecific differences based on bottom type and depth stratum.
Interspecific variability
Significant interspecific differences existed based on the abundance of the 2 species in relation to the analysed habitat (Table 2) . With the exception of the rough bottom in the shallower stratum (between 10 and 50 m) and the bottoms located below 200 m (where Mullus barbatus was absent), M. barbatus was always more abundant and occurred more frequently than M. surmuletus (Table 1) . Clear distribution differences were also observed according to the bottom type. On the muddy bottoms, M. barbatus was much more abundant (388.66 ind. km -2 ) and more frequent (52.10% of total hauls) than M. surmuletus (42.63 ind. km -2 and 27.72%), so that the relationship between both species was approximately 9:1 in favour of M. barbatus. The difference between species decreased considerably when the abundances on the rough bottom were compared. In this case, the difference was still significantly in favour of M. barbatus (288.60 ind. km -2 ), but the relationship between the species decreased to 2.5 : 1, since the abundance of M. surmuletus (116.14 ind. km -2 ) was greater than on muddy bottoms. Similar frequencies between the 2 species (58.36% in M. barbatus and 59.71% in M. surmuletus) were observed.
The size frequencies encountered for both species ranged between 9 and 25 cm in Mullus barbatus and 11 and 36 cm in M. surmuletus, representing the preadult and adult population. It was observed that significant size differences existed between species in all depth strata (Table 3) . In all cases, M. surmuletus, size range and mean size were greater than M. barbatus (Table 1, Fig. 2 ). The spatial overlap indices between Mullus barbatus and M. surmuletus, for all strata and bottom types studied, were between 0.34 and 0.42 (Table 4) , except in the shallow muddy bottom stratum, where the Pianka index was very low (0.14). The abundance and the size distributions in the hauls where both species co-existed did not differ substantially from those observed in total hauls.
Intraspecific variability
The 2-way ANOVAs indicated the existence of significant differences in abundance within each species in relation to the factors analysed (Table 5 ). In Mullus barbatus, significant differences were observed in relation to depth, since they were considerably more abundant in waters between 51 and 200 m deep, especially on muddy bottoms, where they had a density of 785.28 ind. km -2 . In the case of M. surmuletus, significant differences were observed in relation to the substratum; this species was more abundant on the rough bottom (116.14 ind. km ). For M. surmuletus significant differences were also detected in rela- tion to depth; maximum abundances were located close to the coast, in shallower waters (Table 1) . Regarding the size compositions, significant differences were seen within each species according to substrate and to depth (Tables 1 & 3b, Fig. 2 ). In both species, a size increase was observed in relation to depth, with the exception of the specimens of Mullus barbatus from muddy bottoms in the 10 and 50 m depth strata. The size increases in relation to depth were more evident for M. surmuletus, especially those living on rough bottoms. With regard to substratum type, the intraspecific comparison of the size distributions revealed that the smaller sized individuals were concentrated in a different way. M. barbatus were on the muddy bottoms and M. surmuletus on the rough bottoms (Fig. 2) .
Geographical distribution
Clear differences were observed in the distribution of the 2 species in the Iberian Mediterranean (Figs. 3 & 4) . Although Mullus barbatus was the most ) along the continental shelf of the Iberian peninsula between 1994 and 1998 abundant species throughout the sampling area, its density was especially high at sites characterised by a wider continental shelf, e.g. at the mouth of the Ebre River and, to a lesser degree, at the mouth of the Segura River. M. surmuletus showed a different pattern, being more abundant in areas characterised by a narrow continental shelf, such as the island of Eivissa, Palos Cape and the Adra area (Fig. 1) . For both species, these areas of maximum abundance were very consistent throughout the period studied. However, among years, strong intraspecific variations were seen in the intensity of these abundances. For M. barbatus, maximum abundances were registered in 1994 and 1998, while for M. surmuletus the maxima were observed in 1994 and 1995.
DISCUSSION
Niche differentiation can be caused by a number of different factors, such as the allocation of resources, microhabitat or prey species, and spatial or temporal segregation. This is also the case for the 2 studied species, Mullus barbatus and M. surmuletus. Pianka's overlap index (< 0.40 in most of the strata) indicates a partial differentiation in habitat use (Ross 1986 , Mathews et al. 1992 corresponding to the bathymetric distribution and a preference for a particular substratum type.
Although Mullus surmuletus has a wider bathymetric range (occurring to a depth of 400 m) than M. barbatus, its abundance maxima are concentrated near the coast, in the stratum between 10 and 100 m, and especially in areas where the shelf is steepest. In the western Mediterranean M. surmuletus appears either as the only species on hard, sandy bottoms or with marine phanerogams (seagrasses) from coastal waters (between 0 and 30 m) (Dufour et al. 1995 , García-Rubies & Macpherson 1995 . With increases in the depth of the habitat M. surmuletus density decreases considerably, and is very low on the lower part of the slope (between 201 and 400 m). M. barbatus shows a more limited bathymetric distribution than M. surmuletus (it never occurs below 200 m), but it has much greater densities in the middle strata of the shelf (between 51 and 200 m on muddy bottoms and between 51 and 100 m on rough bottoms). The observed bathymetric segregation is similar to that of previous comparative studies along the Catalan coast (Sánchez et al. 1983) , in Israel (Golani & Galil 1991 , Golani 1994 and off the Island of Mallorca (Reñones et al. 1995) . This tendency for bathymetric habitat partitioning has been observed in other congeneric Mullidae (goatfishes) in Australian waters (McCormick 1995 , Platell et al. 1998 ). In addition, both species show clear niche segregation in relation to the bottom type that constitutes their selected habitat (Margalef 1980 , Hureau 1986 ). M. surmuletus shows a clear preference for rough bottoms, while M. barbatus has a greater abundance on muddy bottoms. This difference in substrate preference is especially marked in young individuals, and is coincident with the distribution of larvae and the juvenile settlement areas observed in the Catalan Sea (NW Mediterranean) (Sabatés & Palomera 1987 , García-Rubies & Macpherson 1995 .
Other factors leading to niche separation, for example food resources, are much less evident, as occurs in animals feeding on relatively small food items (Schoener 1974) . In the shallow waters of Iraklion Bay (Greece, E Mediterranean), Labropoulou & Eleftheriou (1997) observed food niche segregation in relation to prey taxa. Mullus barbatus showed a preference for Polychaeta and M. surmuletus for brachyuran Crustacea. However, in other studies the degree of diet overlap observed in relation to taxa and prey size is much higher (Golani & Gail 1991 , Golani 1994 . Further, the availability of different resources may be separated in time, especially in the first phases of life. The 2 studied species show a clear temporal segregation of spawning period (Sabatés & Palomera 1987 , Sabatés 1988 , Sánchez et al. 1995 .
The other major stimulus to niche separation could be environmental conditions. Two species may utilise a similar resource, but if they respond differently to different environmental conditions, each may be competi- tively superior in different environments (Begon 1990 , Norton et al. 1995 . This possibility is closely related to the differentiated sensory capabilities of both species. Ecomorphological studies show that in the chemoreceptor system of Mullus barbatus the taste buds of its hyoidal barbels are more developed than those in the system of M. surmuletus (Lombarte & Aguirre 1997) . In benthivorous fish species, this morphological characteristic is associated with species that live in waters with a reduced visual field, e.g. in muddy or deeper waters (Gomahr et al. 1992 ). On the other hand, M. surmuletus shows a larger S:O ratio (sensory area versus otolith area) in the sagitta otolith of the inner ear than does M. barbatus (Aguirre & Lombarte 1999) . The increase of the S:O ratio is associated with an increase in hearing sensitivity (Gauldie 1988 , Lombarte 1992 , Arellano et al. 1995 and with relatively noisy environments, such as reefs or inshore waters . Segregation of both species in relation to size has also been noted. The size differences according to depth observed among congeneric, sympatric species of teleost fishes and other zoological groups, such as in Crustacea, have been related to increases in prey size in parallel with increases in the size of the predator (Eggold & Motta 1992 , Company & Sardà 1997 , Labropoulou & Eleftheriou 1997 , thus producing interspecific food niche segregation based on the size of the prey. However, for the genus Mullus no such relationship exists between the individual's size and that of its prey (Golani 1994 , Labropoulou & Eleftheriou 1997 , which means that size-prey partitioning can be discarded as a mechanism for explaining differencies in interspecific size. It is also possible to explain size segregation in relation to the increase in the number of taste buds and the adjacent innervation in larger individuals (Lombarte & Aguirre 1997) . Some sensory abilities of adults, especially those connected with discrimination and location, are improved in this manner through the continuous addition of sensory cells (Popper et al. 1988 , Lombarte & Popper 1994 . According to the sensorial hypothesis, the greater sensitivity in larger individuals could explain the wider distribution range of M. surmuletus and its competitive edge over smaller M. barbatus individuals.
The observed niche segregation covers a larger geographical range; in the successive years studied, a homogeneous distribution was never observed in the study area. Maximum abundances corresponded to certain geological characteristics, such as the structure of the shelf. Accordingly, the structural heterogeneity of the Iberian peninsula continental shelf (Rey & Medialdea 1989 ) gave rise to a characteristic distribution of patches; the geographical location of these patches remained stable throughout the period studied. This result is especially notable since the spatial segregation among congeneric species has not previously been studied in such an extensive latitudinal range. Therefore, it was observed that Mullus barbatus showed a clear preference for the areas where the shelf becomes wider. On the contrary, M. surmuletus showed a clear preference for narrow shelf areas with rocky or sandy bottoms.
Research on how similar species divide resources helps to interpret the natural regulation of species diversity (Schoener 1974 ) and speciation processes (Rifcklefs & Miles 1994) . Our results suggest that both sympatric Mullus species have evolved by partially segregating their ecological niches, thus avoiding competition. M. surmuletus and M. barbatus have very similar feeding habits (Gharbi & Ktari 1979 , Golani & Galil 1991 , Golani 1994 , but their ecological niches show a high degree of environmental segregation and partial spatial and geographical segregation, related to the type of bottom and the bathymetric distribution.
Genetic, morphological and ecological data suggest that Mullus barbatus is a species of more recent origin than M. surmuletus. The very close genetic distance between M. barbatus and M. surmuletus (Basaglia & Callegarini 1988 , Camarata et al. 1991 , Vitturi et al. 1992 , Mamuris et al. 1998 , and a lower intraspecific genetic variability in M. barbatus compared with M. surmuletus (Mamuris et al. 1998) would corroborate this hypothesis. Furthermore, although M. barbatus shares the common features that define the genus Mullus, it has apomorphic characteristics in its barbels and in the development of the cephalic muscles (Gosline 1984 , Lombarte & Aguirre 1997 ) that allow it to exploit resources from muddy and turbid bottoms with remarkable success. This contrasts with the rest of the members of the Mullidae family (Lombarte & Aguirre 1997) , which have a preference for coastal ecological niches and harder substrates (Munro 1976 , Gosline 1984 , McCormick 1993 , 1995 , Golani 1994 , Platell et al. 1998 ).
